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TRAIT ANXIETY MODULATES ANTERIOR CINGULATE
ACTIVATION TO THREAT INTERFERENCE

Heide Klumpp, M.D.,1� S. Shaun Ho,1 Stephan F. Taylor, M.D.,1 K. Luan Phan, M.D.,1,2 James L. Abelson, M.D.,1

and Israel Liberzon, M.D.1,2

Background: Individuals vary in the degree to which salient threatening
stimuli disrupt or distract from goal-directed cognitive processes. Excessive
attention to threat or difficulty resolving the interference created by threat cues
could contribute to anxious psychopathology; disruptions in frontal brain regions
implicated in attentional control or resolution of emotional interference (e.g.
anterior cingulate cortex, ‘‘ACC’’) might play a role. In this study, we explored
the hypothesis that trait anxiety would be associated with ACC activity in an
attentional control task with varying levels of threat interference. Methods:
During functional magnetic resonance imaging, 20 healthy individuals who
varied in trait anxiety levels viewed angry, fearful, and neutral faces
superimposed on an indoor or outdoor scene. In a high-threat interference
condition, subjects identified the gender of the face (Attend Face). In a low-
threat interference condition, they identified the scene type (Attend Scene).
Whole-brain analysis was used to compare Attend Face with Attend Scene for
angry and fearful (versus neutral) faces. Contrasts were correlated with trait
anxiety level. Results: Behavioral data confirmed that Attend Face produced
greater threat interference than Attend Scene. Brain imaging results showed
that trait anxiety was inversely associated with bilateral rostral ACC activity for
Attend Face relative to Attend Scene for angry faces. A similar relationship was
not seen for fearful faces. Conclusions: The rostral ACC is implicated in
assessing the salience of emotional information and controlling attention to
resolve emotional interference. The link between higher trait anxiety and
decreased ACC activation for angry faces suggests reduced attentional control
for signals of interpersonal threat in healthy anxiety-prone individuals.
Depression and Anxiety 28:194–201, 2011. rr 2011 Wiley-Liss, Inc.
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INTRODUCTION
There is a natural propensity for attention to be
captured by threatening stimuli;[1–3] however, indivi-
duals differ in the extent to which they selectively
attend to threat cues in social environments. For
instance, anxious individuals have greater attentional

bias for threat signals than nonanxious individuals,
particularly for signals of threat conveyed through
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facial expressions (e.g. angry/fearful faces[4–6]). Selec-
tive attention for threat-relevant information is a
proposed causal mechanism for anxiety vulnerability[7]

or predisposition to developing pathological anxiety.[8]

Therefore, a better understanding of the link between
attentional bias for threat and anxiety, particularly in
relation to individual differences in threat bias sensi-
tivity, may have relevance to the development of
anxious psychopathology.

Given the prioritization of threat over other types of
information in competition for attention,[2,3] salient
emotional cues that signal threat in the environment can
divert (e.g. ‘‘steal’’) attention away from other less
biologically significant processes. When the processing
of threat cues outcompetes the processing of none-
motional cues, ‘‘emotional interference’’ occurs. Indices
of emotional interference include behavioral measures
such as the time it takes to produce a correct response
for a nonemotional, cognitive task which competes with
emotional information (e.g. emotional Stroop task[7,9–11]).
In these types of cognitive–emotional interaction tasks,
increased response latencies can be used as indicators
of greater emotional interference.

Over the past decade, a number of brain imaging
studies have investigated the neural circuits involved in
attentional control and processing threat sig-
nals.[2,3,12–17] Data suggest that anxiety-prone indivi-
duals may have an attentional bias toward threat
signals, and be more vulnerable to emotional inter-
ference from such signals, and that this vulnerability
may be associated with aberrant activation in frontal
regions that are involved in higher order cognitive and/
or attention–emotion functions. For example, Stein
et al.[18] demonstrated that anxiety proneness was
associated with reduced activation of ventromedial
prefrontal areas (e.g. anterior cingulate, subgenual
cingulate, medial frontal gyrus) and increased activa-
tion of threat-sensitive brain areas such as the
amygdala. The finding of reduced frontal–subcortical
‘‘balance’’ in individuals with elevated anxiety sensitiv-
ity suggests that individual differences in inefficient
engagement of frontal cortex may explain variance in
anxious traits.

Some models of anxiety vulnerability propose that
attentional bias for threat is due to excessive interrup-
tion in cognitive processes caused by reduced inhibi-
tory control over threatening distracters.[19,20] Brain
imaging studies support this proposal by showing
aberrant activation in frontal regions in association
with emotional interference in anxiety vulnerable
subjects.[21–23] Among implicated regions, the anterior
cingulate cortex (ACC) is posited to play a key role in
assessing the salience of stimuli (e.g. relevance detec-
tion) and resolving emotional interference.[9,12,14,24]

ACC engagement appears to be critical in maintaining
an appropriate balance between sensitivity to potential
threat and carrying out task-relevant cognitive goals.[15]

If ACC activation supports optimal performance in
conflict resolution and anxiety modulates how much

ACC engagement is needed for attentional con-
trol,[19–22] it is reasonable to expect that individual
differences in trait anxiety will impact ACC activation
in the context of emotional interference. In support, a
recent study showed that low-trait relative to high-trait
healthy anxious subjects had increased rostral ACC
(rACC) activation in response to a modified emotional
Stroop task, an effect that was particularly driven by
emotional, rather than nonemotional, interference.[23]

The authors proposed that the rACC activation in
nonanxious subjects effectively reduced interference
from task-irrelevant threatening distracters by suppres-
sing the processing of threat stimuli. They also
interpreted the lack of rACC engagement in high
anxious subjects as evidence of insufficient rACC
engagement for conflict resolution.

Impoverished frontal activation in psychiatrically
‘‘healthy’’ high anxious subjects has also been seen in
other studies. Reduced ACC activation in the presence
of threatening face distracters has been observed in
individuals with high-trait anxiety, and is modified by
attentional demands of the cognitive task.[21,22] The
ACC is hypoactive when distracters are infrequent and
a neutral task-relevant goal is easy to execute (low
perceptual load). Under high load conditions, ACC
hypoactivity is not evident. ACC activity thus appears
to be influenced by an interaction between anxiety-
related attentional bias and task characteristics such as
perceptual load, which influence the availability of
attentional resources to respond to distracters.[21,22]

This is consistent with a biased competition model of
attention,[25] which suggests that when stimuli compete
for attention, the ‘‘attentional capture’’ of emotional
distracters will be influenced by task demand such that
attentional resources are sufficiently available (e.g. left
over) to process task-irrelevant stimuli.[2]

Collectively, the data described above demonstrate
the following: (1) the presence of emotionally salient
distracters leads to competition for attentional re-
sources and thus causes ‘‘emotional interference’’ with
ongoing task demands; (2) this interference effect is
greatest when the distracter cues signal the presence of
danger; (3) although a number of brain regions are
likely involved, the ACC appears to be critically
important in mediating emotional interference; and
(4) successful control of emotional interference engages
the ACC and is modulated by individual differences in
trait anxiety. Existing evidence suggests that high
anxiety is associated with impoverished frontal activity,
perhaps reflecting a reduced capacity for inhibitory
control of attention to distracters that carry potential
threat information.

To further explore the effects of attentional control
on brain activation patterns during cognitive–emo-
tional interaction, we used a modified version of the
shifting emotion attention task (SEAT)[16] which
manipulated attention allocation by instructing sub-
jects to focus either on scenes or on faces, when both
were fully superimposed within the same visual field.
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We specifically sought to examine the relationship
between trait anxiety and ACC activation in response
to high emotional (threat-related) interference relative
to low interference.

To manipulate attention, subjects were instructed to
either attend to faces, with a cognitive task of
identifying gender (Attend Face), or to ignore faces
and attend to the scene, with a cognitive task of
determining whether it was indoors or outdoors
(Attend Scene). Based on prior work,[16] we expected
that attending to faces, relative to attending to scenes,
would produce greater behavioral evidence of emo-
tional interference with the cognitive task, particularly
when the face conveyed a signal of threat. We
additionally expected that this emotional interference
would be associated with greater ACC activation. We
included angry, fearful, and neutral faces, balanced
across the two attention conditions.

Our primary objective was to examine the hypothesis
that ACC recruitment would be influenced by trait
anxiety and its interaction with high- versus low-
interference conditions. Low-trait anxious individuals
are expected to exhibit ACC activation to modulate
attention effectively when attending to faces (high
interference) versus scenes (low interference). Whereas,
high-trait anxious individuals should show more
interference, indicated by ACC hypoactivation, in
response to high- versus low-interference conditions
(threat faces minus scenes).

METHODS

SUBJECTS

Prior to participation, subjects provided written informed consent as
approved by the local Institutional Review Board. Individuals were
recruited via advertisement in the community and paid for their
participation. There were 20 right-handed individuals (50% male) with
a mean age 22.875.4 years who were physically, neurologically, and
psychiatrically healthy, as confirmed by a physician-conducted medical
examination and psychiatric evaluation that included the Structured
Clinical Interview for DSM-IV.[26] Subjects completed the trait version
of the Spielberger State-Trait Anxiety Inventory[27] and trait anxiety
ranged from 23 to 41 with a mean of 28.374.7. None of the subjects
were taking psychoactive medications at the time of scanning.

EXPERIMENTAL TASK

We used modified composite face/scene images comprised of 20
angry, 20 fearful, and 20 neutral facial expressions[28] superimposed
on 10 scenes of buildings (five indoor and five outdoor). There were
60 unique grayscale pictures in total.

During fMRI, participants were presented the composite images
and were asked to either: (1) determine if the ‘‘building’’ image is an
indoor or outdoor scene (Attend Scene); or (2) determine if the face
on the image is male or female (Attend Face). A third condition was
also included (like/dislike) to examine additional and unrelated
hypotheses; these results will be reported elsewhere. Images were
each presented three times (E-Prime, Inc., Sharpsburg, PA); once for
each condition, with condition type in random order. There were
four runs and 55 trials per run. Trials comprised a centered fixation
crosshair for 3�8 sec, judgment cue for 7501250 ms blank screen,

and composite image for 1,500 ms. Prior to experimental trials,
subjects completed a practice session with images not used in the
experiment. The entire task took approximately 26 min.

MRI ACQUISITION

All scanning was performed with blood-oxygen-level-dependent
(BOLD) sensitive whole-brain fMRI on a 3.0-Tesla GE Signa System
(General Electric, Milwaukee, WI) using a standard radiofrequency
coil. A total of 760 10241024T�210241024-weighted reverse spiral
gradient-recall echo volumes, with BOLD contrast (echo
time 5 30 ms, repetition time 5 2,000 ms, 64� 64 matrix, flip an-
gle 5 90 degree, field of view 5 22 cm, 40 contiguous 3-mm axial
slices per volume), were acquired during a single session. A high-
resolution T1 scan (3D-SPGR; 256� 160 matrix, field of
view 5 24 cm; slice thickness 5 1.2 mm) was also acquired for
anatomical localization.

DATA ANALYSIS

Behavioral analyses. For on-line accuracy and reaction time
(RT), a 3 (Face Type: Angry, Fearful, Neutral)� 2 (Task: Attend Face,
Attend Scene) repeated measures analysis of variance was performed
and Huynh–Feldt corrections were used. Follow-up simple effects
analyses with two-tailed t-tests, alpha level .05, were conducted to
examine main effects and interactions. In light of the contrasts used
for whole-brain evaluation, we were particularly interested in
comparing Attend Face versus Attend Scene and the influence of
stimuli content within each of these tasks. This post hoc analysis was
conducted with planned comparisons.

fMRI Analysis. Data were preprocessed and analyzed using
conventional statistical parametric mapping (SPM2; Wellcome De-
partment of Cognitive Neurology, London; www.fil.ion.ucl.ac.uk/
spm). The scans were spatially realigned to correct for head motion,
warped (nonlinear) to an EPI template in Montreal Neurologic
Institute (MNI) space, resampled to 3� 3� 3 mm3 voxels, and
smoothed with a 5� 5� 5-mm3 kernel in the first level and again
with a 5� 5� 5-mm3 kernel in the second level to balance within-
subject specificity and between-subject variance in neuroanatomy.

To evaluate the influence of threat on ACC activation within high
and low interference, the following contrasts were constructed for
angry faces and for fearful faces, respectively: [(Attend Faceangry�

Attend Faceneutral)�(Attend Sceneangry�Attend Sceneneutral)] and
[(Attend Facefearful�Attend Faceneutral)�(Attend Scenefearful�Attend
Sceneneutral)]. Based on prior literature, we had a strong a priori
hypothesis that the effects of trait anxiety modulation on the context
of threat interference would be localized to the ACC. To examine our
prediction of anxiety modulating ACC, linear contrasts were
calculated for each subject and corresponding parameter estimates
were entered into a whole-brain simple regression analysis with trait
anxiety as an independent variable, controlling for sex. Significance
was initially set at a conservative threshold of voxel Puncorrectedo.001,
cluster size Z10 contiguous voxels.

To complement and confirm whole-brain findings, a volume of
interest (VOI) centered at the peak (5 mm radius) was constructed for
any ACC results from the above regression analysis. This VOI was
constructed for two reasons: (1) to correct for multiple comparisons
across a small volume (SVC) based on family-wise error; and (2) to
extract parameter estimates (b weights, arbitrary units) of activation
to illustrate the direction and scatter plot of correlation between trait
anxiety level and ACC activation to show the variance in brain
activation (b weights) and trait anxiety level across individuals.

Outside the ACC a priori region of interest, to further explore
other activations across the entire brain, we also set a more liberal
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threshold of Puncorrectedo.005, cluster size Z10 contiguous voxels for
completeness.

RESULTS
BEHAVIORAL DATA

RT and accuracy (percent correct identification of
face gender or scene location) data are presented in
Table 1. For RT, there were main effects of Emotion
[F(2, 38) 11.14, Po.001] and Task [F(1, 19) 6.81,
Po.02] with a nonsignificant trend toward an interac-
tion [F(2, 38) 2.66, P 5.08], suggesting that the
emotional content of the faces and direction of
attention to the faces both produced RT interference.
We dissected this interference effect with simple effects
analysis for each task.

For Attend Face only, subjects had slower RT for
angry versus fearful [t(19) 3.10, Po.01] and neutral
faces [t(19) 4.76, Po.001] with no difference between
fearful versus neutral [t(19) 1.35, P 5.19]. Results for
Attend Scene showed that subjects were slower to
identify scenes with superimposed angry versus neutral
faces [t(19) 2.12, Po.05] and superimposed fearful
versus neutral faces [t(19) 2.52, Po.02]; there was no
difference between superimposed angry versus fearful
faces [t(19) .50, P 5.62].

Post hoc analyses for Attend Face versus Attend
Scene for each face type showed that subjects were
slower to identify gender than scene type (i.e. indoor/
outdoor) for images with superimposed angry faces
[t(19) 3.08, Po.01]. There was a nonsignificant trend
for superimposed neutral faces [t(19) 2.05, P 5.06], and
no difference for fearful faces [t(19) 1.15, P 5.26].

Accuracy collapsed across task and face type was high
and well above chance (78.575.9%), indicating sub-
jects understood task instructions. As with RT, there
was also evidence of interference effects in accuracy
data, with main effects of Emotion [F(2, 38) 14.41,
Po.001] and Task [F(1, 19) 79.55, Po.001], moderated
by a significant Emotion�Task interaction [F(2, 38)
6.61, Po.004]. To explore the interaction, we per-
formed simple effects analyses for each task. When
attending to faces, subjects were less accurate for both

angry [t(19) 4.62, Po.001] and fearful faces [t(19) 4.88,
Po.001] relative to neutral faces, with no difference
between anger and fear [t(19) .46, P 5.46]. Facial
expressions had no impact on accuracy when subjects
were attending to scenes (P4.1). Neither RT nor
accuracy were significantly correlated with trait anxiety
level (P4.1).

FUNCTIONAL MRI RESULTS

Simple regression results showed that trait anxiety was
negatively associated with bilateral ACC activation (left
[�6, 36, 9]; k 5 19; Z-score 5 3.32; Puncorrectedo.001
whole-brain, PSVCo.05); (right [12, 33, 6]; k 5 27,
Z-score 5 3.96; Puncorrectedo.001 whole-brain, PSVCo.05)
for angry composite images [(Attend Faceangry�Attend
Faceneutral)�(Attend Sceneangry�Attend Sceneneutral)].
See Figure 1 for ACC activation based on this whole-
brain regression analysis, and the illustrative scatter

TABLE 1. Mean reaction time and accuracy scores with
(standard deviations) across all subjects

Image type Attend face Attend scene t

Reaction time in milliseconds
Angry 161.42 (213.92) 1,054.70 (225.67) 3.08�

Fearful 1,103.16 (219.87) 1,067.68 (228.01)
Neutral 1,074.00 (170.85) 1,015.31 (226.34)

Accuracy
Angry 0.72 (0.09) 0.91 (0.07) 7.63���

Fearful 0.73 (0.10) 0.90 (0.06) 7.37���

Neutral 0.84 (0.09) 0.93 (0.06) 3.31��

Two-tailed paired t-test: �Po.01; ��Po.004; ���Po.001.

A

B

Figure 1. (A) Whole-brain anterior cingulate activation (peak voxel
at �6, 36, 9) from negative regression of trait anxiety level for
[(Attend Faceangry�Attend Faceneutral )�(Attend Sceneangry�Attend
Sceneneutral )]. (B) Illustrative scatter plot of trait anxiety level and
anterior cingulate activation (b weights) extracted from a 5-mm
radius volume of interest centered at the peak (�6, 36, 9).
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plot of brain activation (b weights) and trait anxiety
level across individual subjects.

To further illustrate the effect of trait anxiety on ACC
activity, we assigned subjects to high (n 5 11) and low
(n 5 9) anxiety groups based on a median split, with a
median score of 27 (two subjects scored 27 and they were
included in the high anxiety group). The two groups
appeared strikingly different in ACC reactivity (Fig. 2;
[(12, 33, 15]; k 5 16; Z-score 5 3.24; Puncorrectedo.005).
See Figure 2 for ACC group effects. Finally, when the
high- and low-anxiety groups were combined, general
ACC activation was not detected, even at a more liberal
threshold (Puncorrectedo.005). For completeness, Table 2
summarizes these findings.

In contrast to angry composite images, results for
fearful composite images [(Attend Facefear�Attend
Faceneutral)�(Attend Scenefear�Attend Sceneneutral)]
showed no correlations between ACC activation and
trait anxiety. Similar to images with superimposed
angry faces, there was no main effect of ACC activation

when collapsing across anxiety level. Results are
summarized in Table 2.

DISCUSSION
In this study, we examined the relationship between

trait anxiety level in healthy subjects and anterior
cingulate activation in the contrast high- versus low-
emotional interference. Stimuli consisted of pictures
that compounded angry, fearful, and neutral faces with
neutral scenes. Emotional interference was manipu-
lated with instructions to either attend to faces by
identifying gender or to ignore faces by identifying
indoor or outdoor scenes. To evaluate the influence of
threat content, angry faces were contrasted with neutral
faces, and fearful faces with neutral faces, within high-
and low-interference tasks.

When subjects attended to faces, there was evidence of
slower RT and reduced accuracy relative to when they
attended to scenes, suggesting that attention to faces
created emotional interference. The data suggest that
potential threat information carried by facial expressions
interfered with efforts to complete the assigned cognitive
task of identifying the gender of the face. When attention
was volitionally directed away from faces by focusing on
the embedded scene, there was less emotional inter-
ference as there was less competition for attentional
resources. Therefore, the cognitive task could be
completed more efficiently. This effect was consistent
and most striking when the composite image included a
face with an angry expression, suggesting that angry faces
produced more interference than fearful or neutral faces,
perhaps because they conveyed clearer or more direct
threat to the viewer (see below).

Brain imaging results for the interference contrast
involving angry faces confirmed our hypothesis that
trait anxiety would modulate bilateral rostral ACC
(rACC) activation in the context of interference.
Higher trait anxiety was associated with reduced rACC
activation in a contrast that highlighted the high-
interference condition (attend faces) by controlling for
a low-interference condition (attend scenes). These
differential effects are further illustrated when subjects
are dichotomized into high- and low-trait anxiety
groups. Results support the proposal that healthy,
anxiety vulnerable individuals might have diminished
top-down prefrontal control of selective attention for
threat signals.[21–23] This anxiety modulation effect on
ACC activity was seen in a contrast that highlighted a
high-interference condition, indicating emotional in-
terference levels, as well as task demand character-
istics,[21,22] may be important modulators of neural
activity in studies of anxious individuals, and need to be
considered in neuroimaging studies of patients with
anxiety disorders. Taken together, accumulating evi-
dence suggests that high cognitive task demands may
obscure impoverished frontal control of attentional
resources in anxious subjects, and that high emotional
interference contexts can highlight this deficit.
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Figure 2. (A) Differences in activation to threat interference
between low and high anxious groups based on median split
score for trait anxiety. Whole-brain anterior cingulate activation
(peak voxel at �12, 33, 15) based on groups (low trait4high
trait) for [(Attend Faceangry�Attend Faceneutral)�(Attend
Sceneangry�Attend Sceneneutral)]. (B) Mean activations
(b weights) and standard deviations are associated with a 5-mm
radius volume of interest centered at the peak of anterior
cingulate activation (�12, 33, 15).
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The reduced rACC activation in anxious subjects in
the high-interference context suggests that anxiety is
associated with a difficulty in attentional control for
threatening distracters, or an inability to resolve anger-
related interference. Higher ACC activation in less
anxious subjects may represent enhanced recruitment
of resources to efficiently resolve threat-related inter-
ference.[29] Together, these results are consistent with
the proposal that ACC recruitment is important in
maintaining cognitive goals while monitoring for
salient emotional signals.[15] Anxiety may be associated
with a possible deficit in this brain region that plays a
critical role in creating an appropriate balance between
sensitivity to potential threats and maintenance of focus
on goal-directed cognitive tasks.

Intriguingly, our results were more striking for angry
than fearful faces. Angry faces showed more consistent
evidence of an interference effect, and the link between
rACC activation and trait anxiety was seen in contrasts
involving angry but not fearful faces. Others have also
noted greater emotional interference from angry faces
than from fearful expressions in highly anxious
subjects.[30] Angry faces may be perceived as more

directly salient or threatening, causing more emotional
interference when attention is directed toward them.
Although both convey potential threat, with a fear face
the source of threat is ambiguous,[31,32] but an angry
face suggests immediate threat from the person
pictured directed toward the viewer.[30–33] The ACC
might be specifically sensitive to individual differences
in processing signals of interpersonal aggression,
including direct threat to self. However, this difference
could also be due, at least in part, to the individual’s
interpretation of the signal conveyed by fearful faces
(e.g. the extent to which threat conveyed is relevant to
self) or greater ambiguity communicated by fearful
faces, which are sometimes confused with less negative
expressions (e.g. surprise;[33,34]). Prior exposure could
also play a role, since angry faces are seen more often
than fearful ones.[32,35] Further work is needed to
determine the source of the differences between angry
and fearful faces and whether angry faces convey a direct
threat that is particularly salient to anxious individuals.

This study has limitations and thus presented findings
warrant cautious interpretation. Our sample size was
small for careful analysis of individual differences and

TABLE 2. Activation from simple negative regression analysis for trait anxiety level and threat interference [(Attend
Facethreat�Attend Faceneutral)�(Attend Scenethreat�Attend Sceneneutral)]

Face type Region MNI coordinates Cluster Z-score

Angry4Neutral
Middle frontal gyrus �21 �6 42 238 4.23

21 15 60 34 4.04
�42 51 9 25 3.37
�24 60 6 13 3.02

Inferior parietal lobe �69 �18 21 12 4.16
�57 �42 27 35 4.02

Superior frontal gyrus 6 63 21 76 3.83
�Anterior cingulate 12 33 6 27 3.96

�6 36 9 19 3.32
Insula �45 �21 15 14 3.72

36 �33 18 10 3.19
Middle occipital gyrus 27 �78 0 10 3.72
Caudate �3 9 9 23 3.63
Cerebeller tonsil �42 �48 �51 71 3.32
Inferior frontal gyrus �54 3 21 16 3.18

�48 30 �9 18 3.01
Occipital lobe �9 �102 �3 10 3.12
Precentral gyrus 57 3 39 15 3.10
Postcentral gyrus 21 �36 75 10 2.78

Fearful4Neutral
Cerebellar tonsil �24 �63 �51 37 3.75
Pons 15 �27 �30 16 3.41
Putamen �24 �6 �9 10 3.35
Uncus 27 0 �42 22 3.26
Cerebellum posterior lobe �36 �81 �45 21 3.24
Inferior temporal gyrus �48 �12 �36 17 3.16
Insula �48 9 3 14 2.86
Inferior parietal lobule �51 �42 27 16 3.06
Superior frontal gyrus �18 33 36 10 2.94

�Results at Puncorrectedo.001, 10 voxel minimum. All other regions are at Puncorrectedo.005, 10 voxel minimum. MNI refers to Montreal
Neurological Institute.
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replication in a larger sample is needed. Anxiety
modulation of the ACC was seen in the absence of a
main effect of ACC activation. Though we might have
expected to see a general effect of interference on ACC
activation, regardless of trait anxiety, it is possible that
under conditions of high interference, the impact of
individual differences in trait anxiety may be sufficient to
undermine main effects. If so, task-related differences in
interference levels and individual differences in trait
anxiety may impact the likelihood of finding general
ACC activation across studies and require more
consideration. We did not preselect volunteers on trait
anxiety and there was a restricted range of anxiety level
in this nonclinical sample. This may have actually
weakened the strength of our findings, but replication
across a broader range of trait anxious individuals is
necessary to determine the real impact of this variable.
Because the sample was nonclinical, conclusions cannot
be extrapolated to clinical populations and parallel
studies on psychiatric patients are needed. Finally, our
paradigm was not primarily designed to maximize
detection of behavioral evidence of interference. There
was not perfect alignment of our behavioral interference
data and our neuroimaging results. We used a longer
duration for stimuli presentation than is commonly used
in behavioral interference studies, in order to optimize
neural effects. Further work to more carefully align
behavioral and neural data is needed.

Despite limitations, this preliminary study indicates
that individual differences in anxiety modulate rACC
activation and deficiencies in attentional control
contribute to selective attention to threat, a purported
key mechanism of anxiety vulnerability.[7] Findings are
consistent with mounting data implicating impover-
ished frontal mechanisms of attentional control for
socioemotional threatening signals in anxiety-prone
healthy individuals,[21–23] with potential relevance to
anxious psychopathology.
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